Prostaglandins of the E series, which have been proposed as therapeutic agents for the treatment of peptic ulcers and other gastrointestinal diseases, cause hyperplasia of the gastrointestinal mucosa in experimental animals. The changes are most evident in the stomach, especially the antrum, in which the wall is thickened by hyperplasia of surface mucous cells and/or submucosal edema. In rodents, the non-glandular forestomach becomes hyperplastic and hyperkeratotic. Affected stomachs are heavier and may have a larger surface area than control stomachs. Small intestines may be heavier and have a thicker mucosa, with elongation of villi and crypts. Colonic mucosa may exhibit mild hyperplasia at very high dosages. Conflicting data exist as to whether the gastrointestinal mucosal hyperplasia is more related to increased production or decreased loss of epithelial cells.
I N T R O D U~O N Prostaglandins of the E series (PGE), with antisecretory and "cytoprotective" properties for the gastrointestinal mucosa, have been under development as drugs for treatment of peptic ulcer disease and other inflammatory and erosive diseases of the gut. The purpose of this report is to describe the main change likely to be encountered by the toxicologic pathologist in routine safety studies of these compounds, namely, hyperplasia of the gastrointestinal mucosa. The degree of hyperplasia is dose-dependent. It gradually develops over the first several weeks of exposure and then reaches a plateau. While the various analogues of PGE have different potencies and require somewhat different time courses to produce the hyperplasia, the end result seems to be the same. Therefore, this report will not attempt to distinguish among the various compounds; rather, it will refer to them generically.
EFFECXS ON RATS
The rat stomach is divided into a non-glandular forestomach lined by stratified squamous epithelium, and a glandular portion lined by typical fundic and pyloric glands. The junction between the two portions is marked by a limiting ridge or fold of stratified squamous epithelium ( ach also increases (l0)rbut on gioss examination, 237 called the margo plicatus or cuticular ridge (9) . In cross-section, the ridge can be mistaken for a papilloma. All portions of the rat stomach mucosa become hyperplastic under the influence of PGE, and stomach weights are increased.
Enlargement of the limiting ridge is the most striking gross change (6, 9, 10) . This structure becomes obviously higher and wider than in controls, and its conformation changes from smooth to papillary. Histological alterations include hyperplasia, hyperkeratosis, and the development of papillary projections resembling spikes ( Fig. 1 b) . Its lamina propria also enlarges, may become edematous, and often contains increased numbers of heterophil leukocytes.
Kramer et a1 (9) measured the limiting ridge in animals from a 6-month study of a PGE analogue and demonstrated a statistically significant increase in ridge width. However, measurements and statistical analysis are not needed to detect this change when it is we11 developed.
Grossly, the affected forestomach appears thickened and the mucosal surface whiter and rougher than in controls. Histologically, the stratified squamous epithelium becomes thicker and may develop folds and/or downward projections resembling rete pegs ofthe skin ( Fig. 2a, b ). Hyperkeratosis becomes evident, and layers of bacteria are entrapped in the keratin.
The thickness of the glandular Darts of the stom- this is not as obvious as changes in the forestomach. Histologically, the main change is an increased depth of gastric pits (foveolae) in the corpus (Fig. 3a, b ) and a generalized thickening in the antrum (Fig. 4a,   b ). Edema (Fig, 4c ) and mild heterophil accumulations may occur in the lamina propria.
Reinhart et a1 (10) did careful morphometric analysis of the components of the rat gastric mucosa after treatment with a PGE. They concluded that the numbers of surface mucous cells and chief cells were increased, but their mean cell volumes were not. Conversely, the mean volumes of parietal cells and mucous neck cells were increased, but their total number was not. The volume of the lamina propria was also increased. The thickness of the mucosa is most increased in the antrum. This increase is related primarily to hyperplasia and hypertrophy of surface mucous cells and to enlargement of the lamina propria.
The weight and thickness (9) ofthe small intestine may also increase with PGE (2), although such enlargement may not be discernable by routine gross necropsy procedures. The increased thickness is related to longer villi (1, 6) , deeper crypts (1); and an increase in cell size (9) . The number of cells per crypt and per villus may also increase (2, 7). The colonic mucosa may be thicker (9) , which may be a statistically significant, but minor change that is not readily discernable. At an extremely high dosage (9,000 mcglkg), one PGE produced hyperplasia of the surface cells of the colon in a few animals. These cells were arranged in villus-like folds (Fig. 5a, b) E m a s ON DOGS Effects of PGE on the dog gastrointestinal mucosa have been reported only in the stomach. The first effects may be noted within a few days as an increased mucous layer on the surface (9) . Grossly, the mucosa develops a cobblestone or granular appearance ( Fig. 6 a 4 , which begins in the antrum and spreads later to the corpus and fundus. The rugal folds become thicker and more prominent. Histologically, the surface mucous cells of the corpus or fundus (Fig. 7a, b ) become hyperplastic and the gastric-pits become ,deeper. Pyloric glands become deeper and the mucosa may become branched in a papillary array (Fig. 8a, b) . The lamina propria may be focally edematous and may have a slight accumulation of inflammatory cells. Stomach weights increase. a fairly constant rate, so that a steady state is usually in effect. Hyperplasia of this epithelium reflects an imbalance in the rates of production and loss that creates an increase in the cell population. Therefore, hyperplasia may result from either an increased rate of cell production, a decreased rate of cell loss, or a combination of these. Although a number of studies have been published which address this issue (1-3, 5, 7, ll), the results have been inconclusive. Most of the data support the theory that the hyperplasia is a result of a decreased rate of cell loss (delayed senescence). However, an unpublished study, using particularly sensitive techniques to measure the effects in dogs, showed the opposite (4). In this study, dogs were treated with a PGE analogue for several weeks to produce hyperplasia. They were then given a pulse dose of tritiated thymidine to label cells in DNA synthesis. Six treated and 6 control dogs were killed 1 hour after the injections, and 3 each were killed on several succeeding days, whiIe PGE treatments continued. Autoradiographs made from stomach fundus sections were used to determine the number and location of labeled cells. These data were used to determine the flash labeling index and the migration of labeled cells. These and other cell kinetic and morphometric measurements and calculations led to the following conclusions regarding the effects of PGE on gastric fundus epithelium: The number of surface mucous cells was significantly increased; the gland cell production rate (cells per gland per day) was significantly increased; the cell migration rate (the number of cell positions moved per day from the proliferative zone to the surface) was significantly increased; and cell transit time (the number of days required to move from the proliferative zone to the surface) was unchanged, i.e., neither increased nor decreased.
Thus, in this study, an increased rate of cell production,'along with an unchanged cell transit time (hyperplasia). Whether the same holds true for other parts of the gastrointestinal tract or for other species remains to be determined. hyperplasia of mucous cells resulted in a thickened mucosa and more tortuous glands which sometimes appear to have a papillary structure.
